UNCLASSIFIED 


Defense  Technical  Information  Center 
Compilation  Part  Notice 

ADPO 13008 

TITLE:  Injection  Laser  Threshold  from  the  Standpoint  of  Collective 


DISTRIBUTION:  Approved  for  public  release,  distribution  unlimited 
Availability:  Hard  copy  only. 


This  paper  is  part  of  the  following  report: 

TITLE:  Nanostructures:  Physics  and  Technology  International  Symposium 
[8th]  Held  in  St.  Petersburg,  Russia  on  June  19-23,  2000  Proceedings 

To  order  the  complete  compilation  report,  use:  ADA407315 

The  component  part  is  provided  here  to  allow  users  access  to  individually  authored  sections 
of  proceedings,  annals,  symposia,  etc.  However,  the  component  should  be  considered  within 
the  context  of  the  overall  compilation  report  and  not  as  a stand-alone  technical  report. 

The  following  component  part  numbers  comprise  the  compilation  report: 

ADPO  13002  thru  ADPO  13 146 


UNCLASSIFIED 


8th  Int.  Symp.  "Nanostructures:  Physics  and  Technology" 
St  Petersburg,  Russia,  June  19-23,  2000 
© 2000  Ioffe  Institute 


LOED.06p 


Injection  laser  threshold  from  the  standpoint  of  collective  resonance 


N.  Yu.  Gordeev,  L.  Ya.  Karachinsky,  V.  I.  Kopchatov,  P.  S.  Kop’ev, 

1. 1.  Novikov  and  S.  V.  Zaitsevf 

Ioffe  Physico-Technical  Institute,  St  Petersburg,  Russia 

t Present  address:  Applied  Optoelectronics,  Inc.,  242  Kingfisher  Dr., 

Sugar  Land,  TX  77478,  USA 


Introduction 


The  phenomenon  of  collective  resonance  via  electromagnetic  field  during  radiative  recom- 
bination in  semiconductor  heterostructures  provokes  rising  interest  in  recent  years  [1,  2], 
Such  many-body  interactions  take  place  in  a group  of  dipoles  having  an  average  distance 
of  less  than  the  wavelength  of  their  radiation  [3],  Mutual  influence  of  dipoles  leads  to  their 
phasing  and,  as  a result,  to  the  formation  of  a “macro-dipole”  with  very  high  radiation  effi- 
ciency. For  the  semiconductor  material  conditions,  the  superradiance  (SR)  pulse  duration 
lies  in  sub-picosecond  range.  Such  pulses  can  not  be  directly  measured  by  any  modern 
photodetector,  and  were  discovered  only  using  optical  autocorrelation  method  [4], 

To  take  into  account  collective  resonance  interaction  of  carriers,  we  must  replace  usual 
time  dependence  lit)  = N/ze  '^T  by  corresponding  formula  derived  by  Dicke  [5]  de- 
scribing the  time  profile  of  the  pulse. 

It  has  been  recently  shown  [6]  that  a spectrum  of  electroluminescence  (EL)  of  single 
quantum  well  (QW)  heterostructure  at  low  temperatures  can  be  very  precisely  described 
using  formula  for  homogeneous  line  broadening  by  the  superradiance  effect: 


R(fuo)  = A ■ sech 


heo  — firno 


(1) 


where  characteristic  energy  e = h/n rN  (can  be  found  from  experimental  spectra)  i.e.  the 
characteristic  time  tn  = H/rce.  These  spectra  must  have  almost  exponential  rise  and  fall. 
To  recognize  this  property  of  a spectrum,  we  have  to  measure  it  very  precisely  and  to  plot 
spectra  in  semi-logarithmic  scale. 

In  this  work  we  would  like  to  show  how  the  model  of  collective  resonance  can  be  applied 
to  explain  the  most  important  part  of  laser  operation  — transition  from  the  spontaneous 
radiation  to  lasing.  To  do  this  series  of  spectral  and  temporal  measurements  were  carried 
out. 


1.  Experimental  results  and  discussion 

The  separate  confinement  laser  double  heterostructure  (k  — 970  nm)  based  on 
InGaAs/GaAs  single  quantum  well  (QW)  was  grown  by  molecular  beam  epitaxy  (MBE). 
EL  spectra  of  samples  were  studied  in  wide  range  of  temperatures  from  77  K up  to  300  K 
under  the  quasi-CW  pump  current  (3  jis,  5 kHz).  Some  samples  were  prepared  in  special 
geometry:  to  avoid  positive  feedback,  all  edges  of  the  sample  were  etched  and  covered  by 
high  refractive  index  black  paint.  Pump  current  dependence  of  the  time  coherence  (rc)  at 
RT  have  been  investigated  in  the  same  manner  as  in  [4]. 

EL  spectra  at  77  K measured  through  the  substrate  window  under  the  different  pump 
current  are  shown  in  semi-logarithmic  scale  in  Fig.  1 . Near  the  lasing  threshold  (which  was 
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Fig.  1.  Current  dependence  of  the  EL  spectra  measured  through  substrate  window  at  low  temper- 
ature (InGaAs/GaAs  single  QW  heterostructure)  plotted  in  semi-logarithmic  scale. 


Fig.  2.  EL  spectrum  through  substrate  window  of  InGaAs/GaAs  single  QW  heterostructure  plotted 
in  semi-logarithmic  scale.  Two  superradiance  components  of  EL  spectrum  with  different  charac- 
teristic slope  are  shown. 


Fig.  3.  Collective  radiation  pulse  duration  corresponding  to  components  A and  B as  a function  of 
pump  current  density. 
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Fig.  4.  FWHM  of  the  central  peak  of  time  coherence  (rc)  at  RT  (solid  circles)  and  characteristic 
time  (tn)  calculated  from  the  low-energy  slope  of  EL  spectra  at  RT  (open  circles). 
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Fig.  5.  Current  dependence  of  the  EL  lineshape  at  room  temperature  (InGaAs/GaAs  single  QW 
heterostructure)  plotted  in  semi-logarithmic  scale. 

approximately  1400  A/cm2)  EL  spectrum  has  a complex  shape  that  can  be  presented  as  a 
superposition  of  two  superradiance  components  with  different  characteristic  slope  (Fig.  2). 

Our  estimate  of  the  corresponding  duration  of  components  A and  B coming  from  Eq.  ( 1 ) 
is  plotted  as  a function  of  the  pump  current  in  Fig.  3.  Characteristic  time  of  the  component 
A is  practically  constant  in  wide  range  of  pump  current.  We  suppose  that  component  A 
describes  the  superradiance  in  semiconductor  without  feedback.  Component  B corresponds 
to  that  part  of  superradiance  pulse,  which  is  changed  by  the  laser  cavity.  Due  to  rather 
narrow  gain  spectrum  amplified  SR  pulse  becomes  longer  up  to  70  fs  (Fig.  3).  Intensity  of 
A component  is  so  small  in  comparison  with  B one  that  it  practically  could  not  be  detected 
using  time-resolving  investigations. 

Full  width  at  half-maximum  level  (FWHM)  of  the  central  peak  of  time  coherence, 
which  should  corresponds  to  superradiance  characteristic  time,  is  shown  in  Fig.  4.  Below 
the  lasing  threshold  this  results  were  compared  with  the  characteristic  time  (tn)  which  was 
calculated  from  the  low-energy  slope  of  EL  spectra  at  RT  (Fig.  5)  and  also  shown  in  Fig.  4. 
According  to  our  experiments  rc  approximately  in  2 times  lower  than  tn-  This  difference 
can  be  caused  by  the  significant  inhomogeneous  line  broadening.  As  a result  the  duration 
of  the  single  superradiance  pulse  is  longer  than  one  estimated  from  time  coherence  pattern. 
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It  should  be  noticed  that  both  r\  and  rc  practically  do  not  depend  on  the  pump  current 
below  the  threshold,  which  is  in  a good  agreement  with  our  previous  results  [6], 

At  room  temperature  inhomogeneous  line  broadening  does  not  allow  to  distinguish 
components  of  luminescence  spectra  mentioned  above.  However,  narrow  and  more  inten- 
sive component  B is  clearly  presented  in  time  coherence  pattern  above  the  threshold.  It  is 
important  that  at  RT  the  characteristic  time  of  SR  component  B is  longer  than  one  at  77  K. 

2.  Conclusions 

Mechanism  of  laser  threshold  is  considered  in  terms  of  superradiance.  Presence  of  short  co- 
herent pulses  has  been  demonstrated  below,  at  and  above  laser  threshold  in  wide  temperature 
range.  Existence  of  positive  feedback  leads  to  SR  pulse  becomes  longer.  Luminescence 
lineshape  above  threshold  has  a complex  structure  but  is  well  described  using  the  theory  of 
collective  recombination.  Spectral  investigations  at  low  and  room  temperature,  as  well  as 
time  coherence  measurements  at  RT  allow  estimating  the  characteristic  time  of  superradi- 
ance pulse  in  these  two  modes.  The  maximum  duration  of  the  pulse  has  been  found  as  low 
as  300  fs  at  RT  and  70  fs  at  77  K. 
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